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INTRODUCTION
Sputnik 1 was launched on 4 October 1957 by the Soviet Union 
(Russia). Since then satellite technology has been evolving rapidly 
for a few decades. However, satellite design has remained similar 
in the recent years. Therefore, space innovative concepts become 
desirable to anticipate the emerging demand/cost of near and long 
term space missions. Other factors of concern are the increasing 
system complexity and weight. A synergetic system design could 
be an attractive approach for future spacecraft to cope with their 
demands. Synergism for spacecraft describes the linking or 
merging of different subsystems in order to achieve a better overall 
performance, e.g., reliability, mass saving or even for enabling a 
certain mission. Therefore, using the existing subsystems in an 
integrated subsystem to replace not only the conventional system 
design but also the traditional design approach is of particular 
interest herein. The earth-pointing satellites need a number of 
subsystems to accomplish their missions. Table 1 shows the typical 
conventional subsystems of earth-orientated satellites. Spacecraft 
synergisms could be envisaged by couplings of those conventional 
subsystems. A wise choice would be to concentrate on one of the 
most crucial and costly subsystems onboard. Hence, synergisms for 
the spacecraft attitude control system emerge as the prime research 
topic of interest [Renuganth1].
 This inaugural lecture is divided into five major parts. In 
this first part the vital research area is established based on the 
international space research needs. The second part discusses 
the current Malaysian space scenario. The third part presents the 
fundamental science of the core space research area undertaken 
herein. The fourth part presents all the treated conventional 
spacecraft systems towards the innovative spacecraft systems. The 
final part concludes this inaugural lecture. 
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Table 1  A Typical Satellite Subsystems
SATELLITE
PLATFORM PAYLOADS
•	 Electrical Power System 
(e.g., batteries, solar arrays, 
etc.)
•	 Attitude Control System
•	 (e.g., reaction wheels, 
thrusters, magnetotorquers, 
etc.)
•	 Thermal Control System 
(e.g., heat pipes, heat sinks, 
radiators, etc.)
•	 Navigation System 
(e.g., star sensors, GPS, 
gyroscopes, etc.)
•	 Onboard Computer
•	 Communication System (e.g., 
transponders, antennas, etc.)
•	 Observation System** 
(e.g., optical cameras, radar, 
etc.)
•	 Scientific Experiments**
(e.g., environmental probes, 
sensors,  etc.)
** Mission dependence
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MALAYSIA SPACE TECHNOLOGY STATUS
The aerospace sector has been identified as one of the major 
contributors to the nation’s wealth since the early 1990s.  The 
turnover of the aerospace industry hovers around RM 25 billion 
since 2010. This trend is maintained and gradually increasing as 
well. However, the aerospace engineering field in Malaysia can still 
be considered at a developing stage. 
 There have been serious activities since a decade ago covering 
the education, research, business, etc. The interest is actually 
spurred or thrustered through the National Aerospace Blueprint 
(MiGHT-1997) [MiGHT]. The blueprint identifies key initiatives 
for transforming Malaysia into a regional and international 
aerospace nation by the year 2015. The blueprint includes 45 noble 
recommendations to achieve this clear goal. It is important to note 
that the recommendations focus primarily on the human capital 
and aerospace facility investments within the country. In parallel, a 
roadmap was also drafted together with some policies. The roadmap 
covers mainly the aeronautical field; whereas the astronautical field 
(space) is seen as a relatively smaller contributor to the national 
aerospace annual turnover. It is a fact that the astronautics field 
has been introduced only some 20 years ago compared to the 
aeronautical field, which has been around since the Malayan 
Airways days in the 1950s.  In such an infant state, the manned 
space mission had already been executed without acquiring all the 
necessary space technologies. 
 Malaysia has bypassed most mandatory space technology 
developments and participated in small satellite, medium-satellite 
and manned space programs through the foreign space facilities. 
Obviously, there is a huge technological vacuum in the domestic 
space field. Generally, space research can be divided into two 
categories, i.e., the space segment and the ground segment. The 
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space segment consists of all the activities related to space sciences 
(e.g., astronomy, planetary protection, space life sciences, etc.), 
spacecraft (e.g., satellites and space modules), and rockets. The 
ground segment consists of all the activities performed in ground 
stations (e.g., telemeasures, telecommands, etc.). In fact, the ground 
segment can also be considered as a part of space applications. 
Figure 1 elaborates on the space activities in Malaysia with respect 
to a typical classification of space clusters. Note that the manned 
and unmanned capsules are considered as the integrated rocket 
parts before their orbit insertions. It is worthwhile to mention that 
Figure 1 does not consider a direct purchase of space solutions. The 
outcomes of those R & D activities are Ground Models and Low-
Cost Models.  The Ground Models refer to the earth-based space 
solutions, e.g., ground station solutions, laboratory space solutions 
or space engineering models. The Low-Cost Models refer to those 
Ground Models that are ready and can be tested in a specific space 
mission. The Flight Grade Models are space solutions that have 
clocked operation hours in space. Once the Flight Grade Models 
are available; the models can then be considered as Commercial 
Space Models for commercialization.
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Figure 1  Classification of Space Clusters and Activities in Malaysia. 
The classification is based on the article contributions mapped using 
SCOPUS
 The Unmanned and Manned Capsules concern the human 
exploration in space. At the moment, R&D Activities, Ground 
Models and Low-Cost Models can be found in the Satellite Systems 
and Applications cluster in Malaysia. For the Rocket Systems and 
Space Science clusters only the R&D Activities and Ground Models 
are available. Obviously, the Flight Grade Models could not be 
developed due to the lack of maturity in R&D Activities and Ground 
Models. It is clear that there are opportunities for improvements in 
terms of space research and development in Malaysia. 
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Satellite Systems and Applications
The Satellite Systems comprise of satellites and satellite ground 
stations. Satellites can then be divided into platforms and payloads. 
A satellite platform holds all the vital subsystems such as power, 
communication, attitude and orbit determination and control, 
thermal and onboard computers. Usually, a platform can be a 
standard feature for most satellites. On the other hand, payloads 
(e.g., communication devices, optics, radar, etc.) vary depending 
on the satellite missions.  There are R & D activities concerning 
the satellite subsystems leading to Ground and Low-Cost Models. 
However, these activities are mostly concentrated on the satellite 
integration works, which are practical engineering in nature. They 
lack a profound satellite subsystem and payload research works, 
which preclude their reporting in top space journals. Nevertheless, 
there are space scientific works on satellite subsystems reported in 
top space journals. 
 Satellite Applications such as the remote sensing activities 
(e.g., meteorology, earth observation, etc.) and communication 
solutions (radio frequency, radar, GPS, etc.) are reasonably active 
in Malaysia. Many satellite application research works have been 
reported in a wide range of engineering/science journals. It can be 
seen that most of the Ground and Low-Cost Models for satellite 
applications are very specific and localized, e.g., remote sensing 
softwares and communication solutions. Therefore, it is difficult for 
these models to be incorporated into the existing satellite systems 
as Flight-Grade Models. An absence of scientific research efforts 
concerning the satellite ground stations is also evident at this 
point. In fact, indigenous ground station solutions can fetch a high 
commercial value, which can be the driving factor for research in 
this area.
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Rocket Systems 
There are basic rocket R & D activities and Ground Models mainly 
on the solid fuel sounding rockets. The liquid fuel option has been 
recently proposed as well. Only a very few scientific works on 
rocket systems are reported in common engineering journals. The 
R&D activities on other rocket elements such as structures, liquid 
fuel engines, guidance and control systems, on-board computers, 
separation systems, docking systems and heat protection systems 
are not available. Therefore, the rocket related elements such as 
the ground stations, life support systems, manned and unmanned 
capsules are not available as well. Thus, any rocket research venture 
would be desirable. However, such efforts seem to be unlikely at 
the moment due to the lack of human capital and heavy financial 
investments.
Space Science 
The Ground Models for space sciences are mostly concentrated 
on the system integration as well (e.g., simple telescope system). 
Ground Models concerning the space probes and space flight 
experiments are not available. Most research activities are 
observation and measurement works related to astronomy, 
meteorology, and radio sciences.  And these research findings have 
been mainly reported in a wide range of common engineering/
science journals instead of top space journals. Crucial profound 
space science research works can be started mainly on planetary 
protection (e.g., space debris, meteorites, asteroids, etc.), space 
weather, and scientific balloons. On the other hand, space science 
activities related to microgravity conditions such as for life sciences 
can be enhanced through drop-towers or parabolic flights. However, 
space life science research works are rather desirable if a country 
is hosting human space flights.  
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The Core Space Research Field 
The core space research field remains the spacecraft attitude control 
in this inaugural lecture. However, some other related areas such 
as the space navigation, space power and space thermal control 
also will be discussed. The role of an attitude control system 
(ACS) is to maintain the spacecraft orientation in space, directing 
communication antennas towards the Earth, retargeting solar arrays 
facing the sun, and pointing scientific cameras or instruments at 
objects under investigation. For most earth orientated spacecraft, 
the ACS is responsible for  maintaining a nadir pointing and keep 
the spacecraft body axes close to the local-vertical-local-horizontal 
(LVLH) axes (see Figure 2). The ACS consists of three parts: attitude 
sensors, attitude controllers, and attitude actuators. Determination 
of the current attitude is carried out by banks of sensors (e.g., 
earth sensor, star tracker, etc.) that sense relative orientation with 
respect to other bodies including the sun, earth, stars, and other 
planets. Rate and acceleration sensors (e.g., gyroscopes) are also 
employed to sense the spacecraft motion. All these parts are usually 
integrated in a closed loop attitude control process. There are two 
basic methods for controlling the spacecraft, i.e., an active control 
with electrical power and a passive control without electrical power. 
Only the attitude control methods related to the research herein 
will be presented. Other attitude control techniques (e.g., based on 
aerodynamic, solar pressure, permanent magnets, etc.) can be found 
in the references [Kaplan].  The control method selection depends 
highly on the spacecraft mission. 
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Figure 2  The ACS Ensures the Spacecraft Nadir Pointing 
 In space, the external disturbance torques TD  perturb the 
orientation of a spacecraft. As a result, the spacecraft’s body axes 
will no longer be aligned with the local-vertical-local-horizontal 
(LVLH) reference frame. A rigid body (e.g., flywheel) within a 
spacecraft rotating at a relatively high-speed ΩW can stabilise the 
spacecraft according to Eq. (1). In fact, Eq. (1) remains as the 
fundamental equation of the core attitude control research works 
presented herein. 
(1)
where φ1,2,3 are the small Euler angles, Ω0 the orbital frequency, 
and I1,2,3 are the roll, pitch and yaw inertias, respectively. Also, the 
internal spacecraft bias momentum vector is defined as  h2[LVLH] = 
[0 –h2 0]T.  The nominal bias momentum must be significantly 
large to provide stiffness as well for the roll/yaw plane: h2 >> max 
[I1 Ω0, I2Ω0, I2Ω0]. 
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INNOVATIVE SPACE SYSTEMS
As mentioned in Table 1, a spacecraft or a satellite consists of a 
platform and a payload at least (see Figure 3). A single platform can 
adapt different payloads depending on a space mission. Therefore, 
a satellite platform is mandatory in a space mission. 
 
Figure 3  A Satellite: Payloads and Platform
 A satellite platform carries all the vital subsystems to ensure a 
space flight such as the power & photovoltaic panels, flight control 
and navigation, communication, thermal control, onboard computer, 
etc. All these conventional subsystems are independently working 
and managed by an onboard computer.
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 A typical satellite platform is shown in Figure 4. The research 
works performed herein are focussing on a satellite platform and 
its conventional subsystems.
Figure 4  A Typical Satellite Platform
 The research works can be clustered into three main areas as 
follows:
i.   Conventional core spacecraft system researches,
ii.   Innovative spacecraft synergetic system researches,
iii.  Supporting space system researches.
 All these main areas will be discussed in great detail together 
with their control techniques and attitude control performances. 
Although the focus of this inaugural lecture is on the innovative 
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spacecraft synergetic systems, the conventional and supporting 
space solutions have also indirectly contributed to the innovative 
space systems.
Conventional Core Spacecraft System Researches
i. Satellite Attitude Controls with Reaction Wheels
The reaction wheels are the most feasible satellite actuator that can 
provide high attitude pointing accuracies (0.1- 0.001 deg) [Baizura 
et al.]. The reaction wheel’s configuration plays an important role in 
providing the attitude control torques, which are proportional to the 
required current. Several reaction wheel configurations as shown in 
Figure 5 have been investigated in order to identify the most suitable 
orientation that consumes a minimum power. Such information in a 
coherent form is not summarized in any publication; and therefore, 
an extensive literature search is required to obtain these results. The 
standard reaction wheel control and angular momentum unloading 
schemes were adopted for all the reaction wheel configurations. 
Numerical simulations are then performed for all the possible 
reaction wheel configurations with respect to an identical reference 
mission to identify a minimum total control torque, which also 
corresponds to the configuration with a minimum power intake. 
 The standard PD-type controller is employed for the 3-axis 
attitude control [Ismail et al.]. The control law can be represented 
as 
    Ta = –2Kpqe –Kdωe           (2)  
           
where the error quaternion qe is the quaternion difference between 
the commanded quaternion qcmd and the current quaternion qc. 
Whereas, ωe  is the angular rate difference between the commanded 
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angular rate ωcmd and the current angular rate ωc. In order to generate 
sufficient control torques from the control law, the proportional 
gain Kp = ωn
2I  and derivative gain Kd = 2ξωnI  are to be chosen 
accordingly. These control gains are the functions of dynamic 
characteristics, i.e., the natural frequency  ωn and the damping 
ratio ξ . All the proposed configurations have a similar total attitude 
pointing accuracy of about 0.001 deg. Nevertheless, the best attitude 
pointing (<0.001 deg) is achieved in case 1 of four reaction wheels 
(see Figure 6).
Figure 5  Typical Configuration Matrix of Four Reaction Wheels
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Figure 6  Case 1: The Best Attitude Pointing
 Another research undertaken for reaction wheels is the torque 
delivery enhancement through an optimal control command. The 
active pointing accuracies achieved were around 0.2 deg as shown in 
Figure 7. This research was a joint research with the Indian Institute 
of Technology (Kanpur)  [Tewari et al.]. 
Figure 7  The Attitude Pointing for Optimal Torque Commands
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ii. Satellite Attitude Controls with Magnetic Torquers
The interaction between the Earth’s geomagnetic field B and 
magnetic dipole moment M within the satellite will generate a 
magnetic torque T as given in Eq. (3).  
    T = M × B            (3)
 This torque can be used for attitude controlling purposes when 
it is generated in a desirable amount and direction. This is done by 
generating a controllable value of magnetic dipole moment within 
the satellite using an electromagnetic based device called magnetic 
torque (see Figure 8). The formulation of the control structure was 
based on the conventional proportional-integral (PI) type. The best 
achieved attitude pointing with two and three magnetic torquers are 
between ±0.5 and ±5 deg as shown in Figures 9 and 10, respectively 
[Nurulasikin1-4 et al.].
Figure 8  A Satellite with Two or Three Magnetic Torquers
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Figure 9  Satellite Attitude Control with Two Magnetic Torquers
Figure 10  Satellite Attitude Control with Three Magnetic Torquers
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iii. Satellite Attitude Determination with Magnetometers
The attitude determination based on the information derived from 
magnetometer measurements requires only the geomagnetic field 
data as an input (see Figure 11). The research work proposes three-
axis magnetometers as they are reliable, usually inexpensive, and 
always able to provide information, which is not the case of Sun-
sensors, star-trackers, or Earth-sensors. The attitude determination 
system state equation is nonlinear and justifies the fact that an 
extended Kalman filter (EKF) can be employed as follows
(4)
          
                 (4)
where the vector w(t) is the process noise. The attitude determination 
algorithm was tested numerically and an attitude determination 
below 10 deg was achieved as shown in Figure 12 [Filipski1-3 et al.]. 
Figure 11  Earth’s Magnetic Field Vectors
( ) ( ( ), ) ( )d x t f x t t w t
dt
= +
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Figure 12  Roll, Pitch and Yaw Attitude Determination Performances 
Innovative Spacecraft Synergetic System Researches
i. Combined Energy and Attitude Control System (CEACS)
A spinning flywheel possesses a great deal of rotational kinetic 
energy, but there are no provisions to use the energy in the electrical 
form on a spacecraft yet. Hence, having a motor/generator unit 
integrated onboard, the flywheels can be used not only for the 
attitude control but also for the energy storage of a spacecraft. A 
possible flywheel set-up is given in Figure 13. Therefore, a flywheel 
based energy storage unit as an alternative to conventional batteries 
for a spacecraft is reasonable [Renuganth1-5 et al.].
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Figure 13  A CEACS Flywheel 
Such a system consists of a double counter rotating flywheel 
assembly serving simultaneously for the satellite energy storage and 
attitude control. The CEACS attitude performance pertaining to the 
ideal and non-ideal test cases were investigated and discussed from 
the energy and attitude points of view. The CEACS performance 
shows its potential feasibility on the future spacecraft, particularly 
on small satellites [Renuganth6 et al.]. Three attitude control options 
were developed: proportional-derivative (PD) control, active force 
control (AFC), optimal control (H∞/H2 controls), and sliding mode 
control (SMC). 
 The PD attitude control option external orbit disturbance TD 
rejection scheme is given by the transfer function 
             (5)
where the proportional control gain Kp and the derivative control 
gain  KD can be computed. The achieved attitude pointing accuracies 
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θsat are well below 0.2 deg as shown in Figure 14 [Renuganth 7-8, 
Ibrahim et al.].
Figure 14  CEACS Attitude Control Performance (PD controller)
 The PD controller can be further enhanced by incorporating 
the active force control (AFC). The AFC method is a technique 
that relies on the appropriate estimation of the inertial or mass 
parameters of the dynamic system and the measurements of the 
acceleration and force signals induced by the system if practical 
implementation is ever considered. Figure 15 shows that the PD-
AFC option for CEACS has improved the pointing accuracies up 
to 0.01 deg [Renuganth9-10 et al.].
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Figure 15  CEACS Attitude Control Performance (PD+AFC controller)
 As for the optimal control options, the H2 method was tested 
for CEACS under a collaborative effort with the Russian Academy 
of Sciences [Siang1 et al.]. The H2 method works to minimize the 
following steady state cost function
                                          (6)
where J is the cost function, Q and R are positive semi-definite and 
positive definite weighting matrices, respectively. The H2 controller 
improved the CEACS attitude pointing capabilities below 0.006 
deg, see Figure 16.
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Figure 16  CEACS Attitude Control Performance (H2  controller).
 Further, the H∞ method was tested as well for CEACS [Siang2 
et al.]. This method is designed to control the plant by finding 
a controller K such that the ∞-norm of the closed-loop transfer 
function is
                                        (7)
where Gzw is the plant transfer function from w input to z output, 
z the system performance output, w the system input and g  the 
performance bound (is a small scalar value). Figure 17 shows a 
pointing accuracy around 0.043 deg.  Another control option that 
is undertaken currrently for CEACS is the sliding mode control 
(SMC).  This control technique also has shown a promising attitude 
pointing capability.
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Figure 17  CEACS Attitude Control Performance (H∞ controller)
ii. Combined Attitude and Thermal Control System (CATCS)
CATCS couples the thermal control system with the attitude control 
system by utilizing an electrical conductive fluid, which circulates 
in a closed loop to simultaneously serve as “heat conductor” and 
“momentum generator” as shown in Figure 18 [Renuganth11]. 
Therefore, CATCS could replace the existing heat pipes and reaction 
wheels. CATCS was tested for PD and PD-AFC attitude controllers, 
whereby the achieved pointing accuracy shown in Figure 19 is below 
0.2 deg with respect to a heat transport of 500W [Khodari1-2 et al.]
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Figure 18  The CATCS Set-up
Figure 19  CATCS Attitude Control Performances (PD & PD+AFC 
controllers).
 CATCS was further tested for H2 and H∞ attitude control 
methods. Their attitude control performances are depicted in Figures 
20 and 21, respectively, whereby H2 attitude control (0.025 deg) 
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performs better than H∞ attitude control (0.17 deg) [Khodari3 et 
al.].
Figure 20  CATCS Attitude Control Performance (H2 controller)
Figure 21  CATCS Attitude Control Performance (H∞ controller)
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iii. Combined Attitude and Sun Tracking System (CASTS)
The integrated attitude and solar tracking system is based on the 
existing solar array drive assembly (SADA), which includes a 
DC motor. CASTS is proposed to replace the standard attitude 
control reaction wheels while maintaining its sun tracking task (see 
Figure 22) (Renuganth12 et al.). This combined attitude and sun 
tracking system (CASTS) is based on a PD control architecture. 
The achievable attitude control performance is within 0.2 deg as 
shown in Figure 23.
Figure 22  The Solar Array Drive Assembly (SADA) as an Attitude 
Actuator
Figure 23  The CASTS Attitude Control Performance
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Supporting Space System Researches
i.  Tethered Formation Flying
Tethers are a reasonable option to conduct a deployment in space 
(see Figure 24). The investigation on the dynamic behaviour (e.g., 
failures) of different materials of a flexible tether under air-drag 
perturbation in Low-Earth-Orbit (LEO) is undertaken herein. 
Figure 24  A Tethered System
 Mathematical model based on a flexible continuous string type 
model together with the conservation of energies and utilizing the 
Lagrangian approach also has been developed [Hong et al.]. The 
analysis has shown that materials such as Kevlar-49 and Nylon are 
suitable depending on the specific tether design.
ii.  Synchronized Position Hold Engage Reorient Experimental 
Satellites (SPHERES)
The Synchronized Position Hold Engage Reorient Experimental 
Satellites (SPHERES) involves  a series of robotic experiments, in 
which satellites are controlled by astronauts aboard the International 
Space Station (ISS) as shown in Figure 25 [Stoll1-2 et al.].  The goal 
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is to study the Human-machine interactions especially in a space 
environment. This joint study was conducted with the collaboration 
of the Massachusetts Institute of  Technology (USA). The study has 
provided the insights of On-Orbit-Servicing (OOS) possibilities for 
future space missions.
                  (a)                                                     (b)                                      
Figure 25  SPHERES in Micro Gravity Conditions
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CONCLUSIONS
Spacecraft missions are becoming more challenging in recent 
years. Additionally, the requirements for space missions in terms 
of their performances are also gradually increasing. Therefore, 
the spacecraft has received attention for further optimisation. An 
approach would be to enhance the capabilities of each existing sub-
system without altering the overall mass and volume budgets as in 
the same level today. Recent technology advances have triggered an 
appreciable enthusiasm towards off-the-shelf spacecraft subsystem 
concepts. There has been research on the idea of combining the 
conventional spacecraft subsystems.  All the proposed novel 
hybrid spacecraft subsystems comply with the space mission 
requirements. Hence, the commissioning of these synergetic 
subsystems on the future spacecraft would benefit the missions, 
e.g., life duration, reliability and performance enhancements, mass 
and volume savings, etc.  On the other hand, these novel spacecraft 
subsystems have paved the way for Universiti Putra Malaysia to 
lead the Malaysian impactful spacecraft research outputs. Malaysian 
indigenous space technologies would enable the sustainable growth 
of the space field and at the same time develop the strategic space 
technologies.  In fact, these space research outputs have positioned 
Malaysia as the 44th space member state in the Committee on Space 
Research (COSPAR), which  was established by the International 
Council for Science (ISCU) in 1956 under the purview of the United 
Nations (UN). Finally, it is a hope that the spacecraft synergisms can 
be extended to incorporate the spacecraft platform and its payloads 
as well leading to solely 1-SYSTEM!
Disclaimers: The views expressed in this inaugural lecture are 
professional views that are deeply thought to be informative; 
and therefore, the nature of the arguments is towards a general 
understanding only. 
❚❘❘ 30
Space System Trade-offs Towards Spacecraft Synergisms
REFERENCES
Baizura B., Lailatul N. M. I., Renuganth V. (2007), Spacecraft Pitch and 
Roll/Yaw Actuations Using Control Moment Gyroscopes for Attitude 
Stabilization, J. Mekanikal, Vol. 23, pp. 1-14.
Filipski1 M. N., Renuganth V. (2006), Satellite Orbit Estimation Using 
Earth Magnetic Field Measurements, International Journal of 
Engineering and Technology, Vol. 3 (2), pp. 263-271.
Filipski2 M. N., Renuganth V. (2007), Earth Magnetic Field Model for 
Satellite at Equatorial Vicinity, J. Mekanikal, Vol. 23, pp. 31-39.
Filipski3 M. N., Renuganth V. (2010), Evaluation of a Spacecraft Attitude 
and Rate Estimation Algorithm, Aircraft Engineering and Aerospace 
Technology- Emerald, Vol. 82, pp. 184-193.
Hong A. A. T., Renuganth V. (2012), Investigation on a Flexible Tether 
Slackness based on In-and Out-of Plane Libration Angles, Applied 
Mechanics and Materials Vols. 110-116, pp. 411-416. 
Ibrahim M. M., Renuganth V. (2005), Pointing Performance of Combined 
Energy and Attitude Control System, Journal of Industrial Technology, 
Vol. 14 (2), pp. 147-160.
Ismail Z., Renuganth V. (2010), A Study of Reaction Wheel Configurations 
for a 3-axis Satellite Attitude Control, Advances In Space Research, 
Vol. 45 (6), pp. 750-759. 
Kaplan, M.H. (1976), Modern Spacecraft Dynamics & Control, John 
Wiley & Sons.
Khodari1 S. B., Renuganth V. (2008), A 3-axis Satellite Attitude Control 
Using CATCS, J. British Interplanetary Society - BIS, Vol. 61 (11), 
pp. 452-457. 
Khodari2 S. B., Renuganth V. (2010), Satellite Attitude Control with 
Using a Combined Attitude and Thermal Control System with The 
Active Force Control, J. British Interplanetary Society - BIS, Vol. 63 
(7), pp. 243-248. 
Khodari3 S. B., Renuganth V. (2009), H2 and H∞ Control Options for the 
Combined Attitude and Thermal Control System (CATCS), Advances 
In Space Research, Vol. 43 (12), pp. 1897-1903. 
31 ❘❘❚ 
Renuganth Varatharajoo
Malaysian Industry-Government Group for High Technology (MiGHT) 
(1997), Piloting The Aerospace Industry Take-off, Blueprint for 
Aerospace Industry In Malaysia, Kuala Lumpur, Malaysia.
Nurulasikin1 M. S., Renuganth V. (2006), New Satellite Control Structure 
Using the Geomagnetic Field, International Journal of Engineering 
and Technology, Vol. 3 (2), pp. 175-181.
Nurulasikin2 M. S., Renuganth V. (2009), Satellite Attitude Performance 
During the Momentum Dumping Mode, International Review of 
Aerospace Engineering, Vol. 2 (3), pp. 133-138.
Nurulasikin3 M. S., Renuganth V. (2010), Comparison Study on Low Cost 
Satellite Magnetic Attitude Control Options, International Review of 
Aerospace Engineering, Vol. 3 (3), pp. 113-121.
Nurulasikin4 M. S., Renuganth V. (2012), A Study of Coupled Magnetic 
Fields for an Optimum Torque Generation, International Journal of 
Multiphysics, Multi Science, Vol. 6 (1), pp. 73-88.
Tewari A., Renuganth V. (2007), Optimal Attitude Control Through 
Magnetic Torquers and Reaction Wheels, IFAC Proc., Vol. 17 (1), 
pp. 19-24. 
Renuganth1 V. (2003), Synergisms for Spacecraft Attitude Control System, 
1st ed., ISBN 3832216537, Shaker Verlag, Aachen, Germany.
Renuganth2 V., Fasoulas S. (2002), Methodology for the Development 
of Combined Energy and Attitude Control Systems for Satellites, 
Aerospace Science & Technology - Elsevier, Vol. 6, pp. 303-311. 
Renuganth3 V., Nizam F. (2004), Attitude Performance of the Spacecraft 
Combined Energy and Attitude Control System, J. British Interplanetary 
Society - BIS, Vol. 57, pp. 237-241. 
Renuganth4 V., Tarmizi M. A. (2004), Flywheel Energy Storage for 
Spacecraft, Aircraft Engineering and Aerospace Engineering 
Technology- Emerald, Vol. 76, pp. 384-390. 
Renuganth5 V., Fasoulas S. (2005), The Combined Energy and Attitude 
Control System for Small Satellites -Earth Observation Missions, Acta 
Astronautica – Pergamon/Elsevier, Vol. 56, pp. 251-259. 
❚❘❘ 32
Space System Trade-offs Towards Spacecraft Synergisms
Renuganth6 V., Kahle R. (2005), A Review of Spacecraft Conventional and 
Synergistic Systems, Aircraft Engineering and Aerospace Technology- 
Emerald, Vol. 77, pp. 131-141. 
Renuganth7 V. (2006),  Onboard Errors of the Combined Energy and 
Attitude Control System, Acta Astronautica – Pergamon/Elsevier, Vol. 
58, pp. 561-563. 
Renuganth8 V. (2006), Operation for the Combined Energy and Attitude 
Control System, Aircraft Engineering and Aerospace Technology- 
Emerald, Vol. 78, pp. 495-501.
Renuganth9 V., Wooi C. T., Mailah M. (2011), Attitude Pointing 
Enhancement for Combined Energy and Attitude Control System, Acta 
Astronautica – Pergamon/Elsevier, Vol. 68, pp. 2025-2028. 
Renuganth10 V., Wooi C. T., Mailah M. (2011), Two Degree-of-freedom 
Spacecraft Attitude Controller, Advances In Space Research, Vol. 47 
(4), pp. 685-689. 
Renuganth11 V., Kahle R., Fasoulas S. (2003), Approach for Combining 
Attitude and Thermal Control Systems, J. Spacecraft and Rockets - 
AIAA, Vol. 40, pp. 657-664. 
Renuganth12  V., San T. M. (2008), In-orbit Attitude Actuation Using 
Solar Panels, International Journal of Multiphysics, Multi Science, 
Vol. 2 (2), pp. 147-154. 
Siang1 B. Y., Renuganth V, Ovchinnikov M. (2012), H2 Optimal Control 
Solution for a Combined Energy and Attitude Control System, Acta 
Astronautica – Pergamon/Elsevier, Vol. 76, pp. 79-83.
Siang2 B. Y., Renuganth V. (2013), H∞ Control Option for a Combined 
Energy and Attitude Control System (CEACS), Advances In Space 
Research, Vol. 52, pp. 1378-1383.
Stoll1 E., Jaekel S., Katz J., Saenz-Otero A., Renuganth V. (2011), 
SPHERES Interact - Human-Machine Interaction Aboard the 
International Space Station, Journal of Field Robotics, Vol. 29 (4), 
pp. 554-575. 
33 ❘❘❚ 
Renuganth Varatharajoo
Stoll2 E., Letschnik, Wilde M., Saenz-Otero A., Renuganth V., Artigas J. 
(2012), The Future Role of Relay Satellites for Orbital Telerobotics, 
Advances In Space Research, Vol. 50, pp. 864-880.

35 ❘❘❚ 
Renuganth Varatharajoo
BIOGRAPHY
Renuganth obtained his Diploma (Mech. Eng.) from Universiti 
Teknologi Malaysia in 1994, BEng. (Robotics) from Institut 
Teknologi Bandung (Indonesia) in 1997, MEng. (Space) from 
INSAE-Supaero (France) in 1998 and PhD (Space) from Dresden 
University of Technology (Germany) in 2003. He was selected 
(top 5) by the  Malaysian Industry-Government Group for High 
Technology (MiGHT) in 1997 under the National Aerospace 
Development Program to spearhead the space study in France 
under the Malaysian Space Initiatives. Due to the exposure 
of different education systems, Renuganth acquired foreign 
language proficiencies as well especially in German, French and 
Indonesian. His professional  academic career began as a tutor in 
the Department of Aerospace in 1997 and was appointed lecturer 
in 2003.  He has taught several undergraduate core space subjects 
in Aerospace Engineering namely, Satellite Technology, Rocket 
Technology, Space Mechanics, Spacecraft Dynamics & Control 
and Programming. He has also taught postgraduate courses such as 
Space Systems, Space Trajectory, Advanced Design Technique and 
Group Business. He has supervised 19 undergraduate students in 
their final year projects as well as 14 MSc students (nine completed) 
and nine PhD students (four completed). He has also been appointed 
as internal/external examiner for postgraduate students from 
Universiti Putra Malaysia (UPM) and other universities. 
 Renuganth is the first PhD holder in Astronautics in Malaysia 
(2003).  His research works are constantly needed for the country to 
embark on an international space research effort.  With the support 
of the Malaysian government, he has established the best and an 
impressive Satellite Laboratory in the country. The laboratory is 
equipped with flight grade space hardware and a complete satellite 
platform, which serves for teaching and space research works. He 
❚❘❘ 36
Space System Trade-offs Towards Spacecraft Synergisms
has also been successful in securing space research grants sponsored 
by the Ministry of Science, Technology and Innovation Malaysia 
(MOSTI), Ministry of Higher Education (MOH) and Universiti 
Putra Malaysia (UPM) worth almost RM 2.5 million in total. Due 
to his active involvement in research, he has also been invited as the 
keynote speaker and forum panels for space scientific events. He 
has developed a strong research national network with institutions, 
such as the Malaysian Space Agency (ANGKASA), Academy 
Science Malaysia (ASM), Royal Malaysian Airforce (RMAF) and 
National Hydraulic Institute (NAHRIM) and other higher learning 
institutions such as Universiti Sains Malaysia (USM), Universiti 
Teknologi Malaysia (UTM) and International Islamic University 
Malaysia (IIUM). 
 He has now more than 65 journal papers, an International Book, 
three European Patents in Space, two Copyrights in Space, 50 
Conference Proceedings, and four Edited Proceedings. His papers 
can be found in tier 1 space journals. Due to his space research 
contributions, he was invited to serve as an Associate Editor for 
Advances in Space Research (Scopus and ISI-Thomson), and as 
the Editorial Advisory Board Member for Aircraft Engineering and 
Aerospace Technology (Scopus and ISI-Thomson). At Universiti 
Putra Malaysia (UPM), he has been serving as an Associate Editor 
for the Journal of Science and Technology-Pertanika (Scopus). 
Also, he has been constantly serving as a reviewer for other reputed 
aerospace journals such as Acta Astronautica, Journal of Guidance, 
Control, and Dynamics (AIAA), etc. 
 Renuganth has been the Deputy Vice Chancellor (Industry and 
Community Relations), Universiti Putra Malaysia (UPM) since 
2012 at the age of 39 up to the present. He was the Director of 
Industry Relations and Networks at the Office of the Deputy Vice 
Chancellor (Industry and Community Relations), Universiti Putra 
37 ❘❘❚ 
Renuganth Varatharajoo
Malaysia (UPM) and was the Head of Industry Relations at the same 
office in 2011. He has implemented the Green Mandate Project 
and various UPM and industry co-operations. He was previously 
the Head of Industry & Community Relations at the Faculty of 
Engineering, UPM from 2009-2011. 
 Renuganth has been responsible for establishing three 
international MoUs for almost 15 years of co-operation with 
University of Applied Sciences Aachen (FH Aachen –Germany). In 
fact, the UPM-FH Aachen student mobility program has been the 
only active bilateral undergraduate student exchange  program in 
UPM for years. Renuganth has also involved in international space 
research activities with institutions such as the Russian Academy 
of Sciences (Non-Disclosure Agreement), German Space Center 
(DLR), University of Applied Sciences of Aachen (Germany), 
Massachusetts Institute of Technology (MIT-USA), Indian Institute 
of Technology (IIT Kanpur-India) and Nanjing Aeronautics and 
Astronautics University (NAAU-China). 
 In fact, he has been invited by NAAU-China to train their 
space scientists on Novel Approaches for Spacecraft Guidance and 
Control. He is also a panel member of international conferences 
organized by international institutions. In fact, his space research 
contributions have propelled Malaysia to be accepted as the 44th 
Space Nation in the Committee on Space Research (COSPAR) 
in 2011, which had been  pending for almost two decades due 
to the lack of space research outputs in Malaysia. COSPAR was 
established by the International Council for Science (ISCU) in 1956 
and provides its state members such as Malaysia new opportunities 
in space. Besides being a permanent Representative in COSPAR 
International, Renuganth is also  currently serving as the President 
(COSPAR-Malaysia).

39 ❘❘❚ 
Renuganth Varatharajoo
ACKNOWLEDGEMENT
I thank God that I have come to this stage of publishing my inaugural 
lecture. I am grateful to all my teachers who have taught me and 
to all my students as well  for their interest and hard work. I also 
wish to place on record my sincere appreciation to  the management 
of Universiti Putra Malaysia and the Faculty of Engineering for 
providing me with this opportunity.  Special thanks go to my parents 
and my wife for their continuous interest in my work and career.

41 ❘❘❚ 
Renuganth Varatharajoo
9.  Prof. Ir. Dr. Mohd. Zohadie Bardaie
 Engineering Technological 
Developments Propelling Agriculture 
into the 21st Century
 28 May 1994
10.  Prof. Dr. Shamsuddin Jusop
 Rock, Mineral and Soil
 18 June 1994
11.  Prof. Dr. Abdul Salam Abdullah
 Natural Toxicants Affecting Animal 
Health and Production
 29 June 1994
12.  Prof. Dr. Mohd. Yusof Hussein
 Pest Control: A Challenge in Applied 
Ecology
 9 July 1994
13.  Prof. Dr. Kapt. Mohd. Ibrahim Haji 
Mohamed
 Managing Challenges in Fisheries 
Development through Science and 
Technology
 23 July 1994
14.  Prof. Dr. Hj. Amat Juhari Moain
 Sejarah Keagungan Bahasa Melayu
 6 August 1994
15. Prof. Dr. Law Ah Theem
 Oil Pollution in the Malaysian Seas
 24 September 1994
16.  Prof. Dr. Md. Nordin Hj. Lajis
 Fine Chemicals from Biological 
Resources: The Wealth from Nature
 21 January 1995
17.  Prof. Dr. Sheikh Omar Abdul Rahman
 Health, Disease and Death in 
Creatures Great and Small
 25 February 1995
1.  Prof. Dr. Sulaiman M. Yassin
 The Challenge to Communication 
Research in Extension
 22 July 1989
2.  Prof. Ir. Abang Abdullah Abang Ali
 Indigenous Materials and Technology 
for Low Cost Housing
 30 August 1990
3.  Prof. Dr. Abdul Rahman Abdul Razak
 Plant Parasitic Nematodes, Lesser 
Known Pests of Agricultural Crops
 30 January 1993
4.  Prof. Dr. Mohamed Suleiman
 Numerical Solution of Ordinary 
Differential Equations: A Historical 
Perspective
 11 December 1993
5.  Prof. Dr. Mohd. Ariff Hussein
 Changing Roles of Agricultural 
Economics
 5 March 1994
6.  Prof. Dr. Mohd. Ismail Ahmad
 Marketing Management: Prospects 
and Challenges for Agriculture
 6 April 1994
7.  Prof. Dr. Mohamed Mahyuddin Mohd. 
Dahan
 The Changing Demand for Livestock 
Products
 20 April 1994
8.  Prof. Dr. Ruth Kiew
 Plant Taxonomy, Biodiversity and 
Conservation
 11 May 1994
LIST OF INAUGURAL LECTURES
❚❘❘ 42
Space System Trade-offs Towards Spacecraft Synergisms
18. Prof. Dr. Mohamed Shariff Mohamed 
Din
 Fish Health: An Odyssey through the 
Asia - Pacific Region
 25 March 1995
19. Prof. Dr. Tengku Azmi Tengku Ibrahim
 Chromosome Distribution and 
Production Performance of Water 
Buffaloes
 6 May 1995
20. Prof. Dr. Abdul Hamid Mahmood
 Bahasa Melayu sebagai Bahasa Ilmu- 
Cabaran dan Harapan
 10 June 1995
21. Prof. Dr. Rahim Md. Sail
 Extension Education for 
Industrialising Malaysia: Trends, 
Priorities and  Emerging Issues
 22 July 1995
22. Prof. Dr. Nik Muhammad Nik Abd. 
Majid
 The Diminishing Tropical Rain Forest: 
Causes, Symptoms and Cure
 19 August 1995
23. Prof. Dr. Ang Kok Jee
 The Evolution of an Environmentally 
Friendly Hatchery Technology for 
Udang Galah, the King of Freshwater 
Prawns and a Glimpse into the Future 
of Aquaculture in the 21st Century
 14 October 1995
24. Prof. Dr. Sharifuddin Haji Abdul 
Hamid
 Management of Highly Weathered Acid 
Soils for Sustainable Crop Production
 28 October 1995 
25. Prof. Dr. Yu Swee Yean
 Fish Processing and Preservation: 
Recent Advances and Future 
Directions
 9 December 1995
26. Prof. Dr. Rosli Mohamad
 Pesticide Usage: Concern and Options
 10 February 1996
27. Prof. Dr. Mohamed Ismail Abdul 
Karim
 Microbial Fermentation and 
Utilization of Agricultural 
Bioresources and Wastes in Malaysia
 2 March 1996
28. Prof. Dr. Wan Sulaiman Wan Harun
 Soil Physics: From Glass Beads to 
Precision Agriculture
 16 March 1996
29. Prof. Dr. Abdul Aziz Abdul Rahman
 Sustained Growth and Sustainable 
Development: Is there a Trade-Off 1 or 
Malaysia
 13 April 1996
30. Prof. Dr. Chew Tek Ann
 Sharecropping in Perfectly 
Competitive Markets: A Contradiction 
in Terms
 27 April 1996
31. Prof. Dr. Mohd. Yusuf Sulaiman
 Back to the Future with the Sun
 18 May 1996
32. Prof. Dr. Abu Bakar Salleh
 Enzyme Technology: The Basis for 
Biotechnological Development
 8 June 1996
33. Prof. Dr. Kamel Ariffin Mohd. Atan
 The Fascinating Numbers
 29 June 1996
34. Prof. Dr. Ho Yin Wan
 Fungi: Friends or Foes
 27 July 1996
35. Prof. Dr. Tan Soon Guan
 Genetic Diversity of Some Southeast 
Asian Animals: Of Buffaloes and 
Goats and Fishes Too
 10 August 1996
43 ❘❘❚ 
Renuganth Varatharajoo
36. Prof. Dr. Nazaruddin Mohd. Jali
 Will Rural Sociology Remain Relevant 
in the 21st Century?
 21 September 1996
37. Prof. Dr. Abdul Rani Bahaman
 Leptospirosis-A Model for 
Epidemiology, Diagnosis and Control 
of Infectious Diseases
 16 November 1996
38. Prof. Dr. Marziah Mahmood
 Plant Biotechnology - Strategies for 
Commercialization
 21 December 1996
39. Prof. Dr. Ishak Hj. Omar
 Market Relationships in the Malaysian 
Fish Trade: Theory and Application
 22 March 1997
40. Prof. Dr. Suhaila Mohamad
 Food and Its Healing Power
 12 April 1997
41. Prof. Dr. Malay Raj Mukerjee
 A Distributed Collaborative 
Environment for Distance Learning 
Applications
 17 June 1998
42. Prof. Dr. Wong Kai Choo
 Advancing the Fruit Industry in 
Malaysia: A Need to Shift Research 
Emphasis
 15 May 1999
43. Prof. Dr. Aini Ideris
 Avian Respiratory and 
Immunosuppressive Diseases- A Fatal 
Attraction
 10 July 1999
44. Prof. Dr. Sariah Meon
 Biological Control of Plant Pathogens: 
Harnessing the Richness of Microbial 
Diversity
 14 August 1999
45. Prof. Dr. Azizah Hashim
 The Endomycorrhiza: A Futile 
Investment?
 23 October 1999
46. Prof. Dr. Noraini Abdul Samad
 Molecular Plant Virology: The Way 
Forward
 2 February 2000
47. Prof. Dr. Muhamad Awang
 Do We Have Enough Clean Air to 
Breathe?
 7 April 2000
48. Prof. Dr. Lee Chnoong Kheng
 Green Environment, Clean Power
 24 June 2000
49. Prof. Dr. Mohd. Ghazali Mohayidin
 Managing Change in the Agriculture 
Sector: The Need for Innovative 
Educational Initiatives
 12 January 2002
50. Prof. Dr. Fatimah Mohd. Arshad
 Analisis Pemasaran Pertanian 
di Malaysia: Keperluan Agenda 
Pembaharuan
 26 January 2002
51. Prof. Dr. Nik Mustapha R. Abdullah
 Fisheries Co-Management: An 
Institutional Innovation Towards 
Sustainable Fisheries Industry
 28 February 2002
52. Prof. Dr. Gulam Rusul Rahmat Ali
 Food Safety: Perspectives and 
Challenges
 23 March 2002
53. Prof. Dr. Zaharah A. Rahman
 Nutrient Management Strategies for 
Sustainable Crop Production in Acid 
Soils: The Role of Research Using 
Isotopes
 13 April 2002
❚❘❘ 44
Space System Trade-offs Towards Spacecraft Synergisms
54. Prof. Dr. Maisom Abdullah
 Productivity Driven Growth: Problems 
& Possibilities
 27 April 2002
55. Prof. Dr. Wan Omar Abdullah
 Immunodiagnosis and Vaccination for 
Brugian Filariasis: Direct Rewards 
from Research Investments
 6 June 2002
56. Prof. Dr. Syed Tajuddin Syed Hassan
 Agro-ento Bioinformation: Towards 
the Edge of Reality
 22 June 2002
57. Prof. Dr. Dahlan Ismail
 Sustainability of Tropical Animal-
Agricultural Production Systems: 
Integration of Dynamic Complex 
Systems
 27 June 2002
58. Prof. Dr. Ahmad Zubaidi 
Baharumshah
 The Economics of Exchange Rates in 
the East Asian Countries
 26 October 2002
59. Prof. Dr. Shaik Md. Noor Alam S.M. 
Hussain
 Contractual Justice in Asean: A 
Comparative View of Coercion
 31 October 2002
60. Prof. Dr. Wan Md. Zin Wan Yunus
 Chemical Modification of Polymers: 
Current and Future Routes for 
Synthesizing New Polymeric 
Compounds
 9 November 2002
61. Prof. Dr. Annuar Md. Nassir
 Is the KLSE Efficient? Efficient Market 
Hypothesis vs Behavioural Finance
 23 November 2002
62. Prof. Ir. Dr. Radin Umar Radin Sohadi
 Road Safety Interventions in Malaysia: 
How Effective Are They?
 21 February 2003
63. Prof. Dr. Shamsher Mohamad
 The New Shares Market: Regulatory 
Intervention, Forecast Errors and 
Challenges
 26 April 2003
64. Prof. Dr. Han Chun Kwong
 Blueprint for Transformation or 
Business as Usual? A Structurational 
Perspective of the Knowledge-Based 
Economy in Malaysia
 31 May 2003
65. Prof. Dr. Mawardi Rahmani
 Chemical Diversity of Malaysian 
Flora: Potential Source of Rich 
Therapeutic Chemicals
 26 July 2003
66. Prof. Dr. Fatimah Md. Yusoff
 An Ecological Approach: A Viable 
Option for Aquaculture Industry in 
Malaysia
 9 August 2003
67. Prof. Dr. Mohamed Ali Rajion
 The Essential Fatty Acids-Revisited
 23 August 2003
68. Prof. Dr. Azhar Md. Zain
 Psychotheraphy for Rural Malays - 
Does it Work?
 13 September 2003
69. Prof. Dr. Mohd. Zamri Saad
 Respiratory Tract Infection: 
Establishment and Control
 27 September 2003
70. Prof. Dr. Jinap Selamat
 Cocoa-Wonders for Chocolate Lovers
 14 February 2004
45 ❘❘❚ 
Renuganth Varatharajoo
71. Prof. Dr. Abdul Halim Shaari
 High Temperature Superconductivity: 
Puzzle & Promises
 13 March 2004
72. Prof. Dr. Yaakob Che Man
 Oils and Fats Analysis - Recent 
Advances and Future Prospects
 27 March 2004
73. Prof. Dr. Kaida Khalid
 Microwave Aquametry: A Growing 
Technology
 24 April 2004
74. Prof. Dr. Hasanah Mohd. Ghazali
 Tapping the Power of Enzymes- 
Greening the Food Industry
 11 May 2004
75. Prof. Dr. Yusof Ibrahim
 The Spider Mite Saga: Quest for 
Biorational Management Strategies
 22 May 2004
76. Prof. Datin Dr. Sharifah Md. Nor
 The Education of At-Risk Children: 
The Challenges Ahead
 26 June 2004
77. Prof. Dr. Ir. Wan Ishak Wan Ismail
 Agricultural Robot: A New Technology 
Development for Agro-Based Industry
 14 August 2004
78. Prof. Dr. Ahmad Said Sajap
 Insect Diseases: Resources for 
Biopesticide Development
 28 August 2004
79. Prof. Dr. Aminah Ahmad
 The Interface of Work and Family 
Roles: A Quest for Balanced Lives
 11 March 2005
80. Prof. Dr. Abdul Razak Alimon
 Challenges in Feeding Livestock: 
From Wastes to Feed
 23 April 2005
81. Prof. Dr. Haji Azimi Hj. Hamzah
 Helping Malaysian Youth Move 
Forward: Unleashing the Prime 
Enablers
 29 April 2005
82. Prof. Dr. Rasedee Abdullah
 In Search of An Early Indicator of 
Kidney Disease
 27 May 2005
83. Prof. Dr. Zulkifli Hj. Shamsuddin
 Smart Partnership: Plant-
Rhizobacteria Associations
 17 June 2005
84. Prof. Dr. Mohd Khanif Yusop
 From the Soil to the Table
 1 July 2005
85. Prof. Dr. Annuar Kassim
 Materials Science and Technology: 
Past, Present and the Future
 8 July 2005
86. Prof. Dr. Othman Mohamed
 Enhancing Career Development 
Counselling and the Beauty of Career 
Games
 12 August 2005
87. Prof. Ir. Dr. Mohd Amin Mohd Soom
 Engineering Agricultural Water 
Management Towards Precision 
Framing
 26 August 2005
88. Prof. Dr. Mohd Arif Syed
 Bioremediation-A Hope Yet for the 
Environment?
 9 September 2005
89. Prof.  Dr. Abdul Hamid Abdul Rashid
 The Wonder of Our Neuromotor 
System and the Technological 
Challenges They Pose
 23 December 2005
❚❘❘ 46
Space System Trade-offs Towards Spacecraft Synergisms
90. Prof. Dr. Norhani Abdullah
 Rumen Microbes and Some of Their 
Biotechnological Applications
 27 January 2006
91. Prof. Dr. Abdul Aziz Saharee
 Haemorrhagic Septicaemia in Cattle 
and Buffaloes: Are We Ready for 
Freedom?
 24 February 2006
92. Prof. Dr. Kamariah Abu Bakar
 Activating Teachers’ Knowledge and 
Lifelong Journey in Their Professional 
Development
 3 March 2006
93. Prof. Dr. Borhanuddin Mohd. Ali
 Internet Unwired
 24 March 2006
94. Prof. Dr. Sundararajan Thilagar
 Development and Innovation in the 
Fracture Management of Animals
 31 March 2006
95. Prof. Dr. Zainal Aznam Md. Jelan
 Strategic Feeding for a Sustainable 
Ruminant Farming
 19 May 2006
96. Prof. Dr. Mahiran Basri
 Green Organic Chemistry: Enzyme at 
Work
 14 July 2006
97. Prof. Dr. Malik Hj. Abu Hassan
 Towards Large Scale Unconstrained 
Optimization
 20 April 2007
98. Prof. Dr. Khalid Abdul Rahim
 Trade and  Sustainable Development: 
Lessons from Malaysia’s Experience
 22 June 2007
99. Prof. Dr. Mad Nasir Shamsudin
 Econometric Modelling for Agricultural 
Policy Analysis and Forecasting:  
Between Theory and Reality
 13 July 2007
100. Prof. Dr. Zainal Abidin Mohamed
 Managing Change - The Fads 
and The Realities:  A Look at 
Process Reengineering, Knowledge 
Management and Blue Ocean 
Strategy 
 9 November 2007
101. Prof. Ir. Dr. Mohamed Daud
 Expert Systems for Environmental 
Impacts and Ecotourism Assessments 
 23 November 2007
102. Prof. Dr. Saleha Abdul Aziz
 Pathogens and Residues;  How Safe is 
Our Meat?
 30 November 2007
103. Prof. Dr. Jayum A. Jawan
 Hubungan Sesama Manusia
 7 December 2007
104. Prof. Dr. Zakariah Abdul Rashid
 Planning for Equal Income 
Distribution in Malaysia:  A General 
Equilibrium Approach
 28 December 2007
105. Prof. Datin Paduka Dr. Khatijah 
Yusoff
 Newcastle Disease virus: A Journey 
from Poultry to Cancer
 11 January 2008
106. Prof. Dr. Dzulkefly Kuang Abdullah
 Palm Oil: Still the Best Choice
 1 February 2008
107. Prof. Dr. Elias Saion
 Probing the Microscopic Worlds by 
Lonizing Radiation
 22 February 2008
47 ❘❘❚ 
Renuganth Varatharajoo
108. Prof. Dr. Mohd Ali Hassan
 Waste-to-Wealth Through 
Biotechnology: For Profit, People and 
Planet
 28 March 2008
109. Prof. Dr. Mohd Maarof H. A. Moksin
 Metrology at Nanoscale: Thermal 
Wave Probe Made It Simple
 11 April 2008
110. Prof. Dr. Dzolkhifli Omar
 The Future of Pesticides Technology 
in Agriculture: Maximum Target Kill 
with Minimum Collateral Damage
 25 April 2008 
111. Prof. Dr. Mohd. Yazid Abd. Manap
 Probiotics: Your Friendly Gut Bacteria
 9 May 2008
112. Prof. Dr. Hamami Sahri
 Sustainable Supply of  Wood and 
Fibre: Does Malaysia have Enough?
 23 May 2008
113. Prof. Dato’ Dr. Makhdzir Mardan
 Connecting the Bee Dots
 20 June 2008
114. Prof. Dr. Maimunah Ismail
 Gender & Career: Realities and 
Challenges
 25 July 2008
115. Prof. Dr. Nor Aripin Shamaan
 Biochemistry of Xenobiotics: 
Towards a Healthy Lifestyle and Safe 
Environment
 1 August 2008
116. Prof. Dr. Mohd Yunus Abdullah
 Penjagaan Kesihatan Primer di 
Malaysia:  Cabaran Prospek dan 
Implikasi dalam Latihan dan 
Penyelidikan Perubatan serta 
Sains Kesihatan di Universiti Putra 
Malaysia
 8 August 2008
117. Prof. Dr. Musa Abu Hassan
 Memanfaatkan Teknologi Maklumat 
& Komunikasi ICT untuk Semua
 15 August 2008
118. Prof. Dr. Md. Salleh Hj. Hassan
 Role of Media in Development:  
Strategies, Issues & Challenges
 22 August 2008
119. Prof. Dr. Jariah Masud
 Gender in Everyday Life
 10 October 2008
120 Prof. Dr. Mohd Shahwahid Haji 
Othman
 Mainstreaming Environment: 
Incorporating Economic Valuation 
and Market-Based Instruments in 
Decision Making
 24 October 2008
121. Prof. Dr. Son Radu
 Big Questions Small Worlds: 
Following Diverse Vistas
 31 October 2008
122. Prof. Dr. Russly Abdul Rahman
 Responding to Changing Lifestyles: 
Engineering the Convenience Foods 
28 November 2008
123. Prof. Dr. Mustafa Kamal Mohd 
Shariff
 Aesthetics in the Environment an 
Exploration of Environmental: 
Perception Through Landscape 
Preference
 9 January 2009
124. Prof. Dr. Abu Daud Silong
 Leadership Theories, Research 
& Practices:  Farming Future 
Leadership Thinking
 16 January 2009
❚❘❘ 48
Space System Trade-offs Towards Spacecraft Synergisms
125. Prof. Dr. Azni Idris
 Waste Management, What is the 
Choice: Land Disposal or Biofuel?
 23 January 2009
126. Prof. Dr. Jamilah Bakar
 Freshwater  Fish: The Overlooked 
Alternative
 30 January 2009
127. Prof. Dr. Mohd. Zobir Hussein
 The Chemistry of Nanomaterial and 
Nanobiomaterial
 6 February 2009
128. Prof. Ir. Dr. Lee Teang Shui
 Engineering Agricultural: Water 
Resources
 20 February 2009
129. Prof. Dr. Ghizan Saleh
 Crop Breeding: Exploiting Genes for 
Food and Feed
 6 March 2009
130. Prof. Dr. Muzafar Shah Habibullah
 Money Demand
 27 March 2009
131.  Prof. Dr. Karen Anne Crouse
 In Search of Small Active Molecules
 3 April 2009
132. Prof. Dr. Turiman Suandi
 Volunteerism: Expanding the 
Frontiers of Youth Development
 17 April 2009
133. Prof. Dr. Arbakariya Ariff
 Industrializing Biotechnology: Roles 
of Fermentation and Bioprocess 
Technology
 8 May 2009
134. Prof. Ir. Dr. Desa Ahmad
 Mechanics of  Tillage Implements
 12 June 2009
135. Prof. Dr. W. Mahmood Mat Yunus
 Photothermal and Photoacoustic: 
From Basic Research to Industrial 
Applications
 10 July 2009
136. Prof. Dr. Taufiq Yap Yun Hin
 Catalysis for a Sustainable World
 7 August 2009
137 Prof. Dr. Raja Noor Zaliha Raja Abd. 
Rahman
 Microbial Enzymes: From Earth to 
Space
 9 October 2009
138 Prof. Ir. Dr. Barkawi Sahari 
 Materials, Energy and CNGDI 
Vehicle Engineering
 6 November 2009
139. Prof. Dr. Zulkifli Idrus
 Poultry Welfare in Modern 
Agriculture: Opportunity or Threat?
 13 November 2009
140. Prof. Dr. Mohamed Hanafi Musa
 Managing Phosphorus: Under Acid 
Soils Environment
 8 January 2010
141. Prof. Dr. Abdul Manan Mat Jais
 Haruan Channa striatus a Drug 
Discovery in an Agro-Industry Setting
 12 March 2010
142. Prof. Dr. Bujang bin Kim Huat
 Problematic Soils:  In Search for 
Solution
 19 March 2010
143. Prof. Dr. Samsinar Md Sidin
 Family Purchase Decision Making:  
Current Issues & Future Challenges
 16 April 2010
144. Prof. Dr. Mohd Adzir Mahdi
 Lightspeed:  Catch Me If  You Can
 4 June 2010
49 ❘❘❚ 
Renuganth Varatharajoo
145. Prof. Dr. Raha Hj. Abdul Rahim
 Designer Genes: Fashioning Mission 
Purposed Microbes
 18 June 2010
146. Prof. Dr. Hj. Hamidon Hj. Basri
 A Stroke of Hope, A New Beginning
 2 July 2010
147. Prof. Dr. Hj. Kamaruzaman Jusoff
 Going Hyperspectral: The "Unseen" 
Captured?
 16 July 2010
148. Prof. Dr. Mohd Sapuan Salit
 Concurrent Engineering for 
Composites
 30 July 2010
149. Prof. Dr. Shattri Mansor
 Google the Earth: What's Next?
 15 October 2010
150. Prof. Dr. Mohd Basyaruddin Abdul 
Rahman
 Haute Couture: Molecules & 
Biocatalysts
 29 October 2010
151. Prof. Dr. Mohd. Hair Bejo
 Poultry Vaccines:  An Innovation for 
Food Safety and Security
 12 November 2010
152. Prof. Dr. Umi Kalsom Yusuf
 Fern of Malaysian Rain Forest
 3 December 2010
153. Prof. Dr. Ab. Rahim Bakar
 Preparing Malaysian Youths for The 
World of Work: Roles of Technical 
 and Vocational Education and 
Training (TVET)
 14 January 2011
154. Prof. Dr. Seow Heng Fong
 Are there "Magic Bullets" for Cancer 
Therapy?
 11 February 2011
155. Prof. Dr. Mohd Azmi Mohd Lila
  Biopharmaceuticals: Protection,  
 Cure and the Real Winner
  18 February 2011
156. Prof. Dr. Siti Shapor Siraj
 Genetic Manipulation in Farmed 
Fish: Enhancing Aquaculture 
Production
 25 March 2011
157. Prof. Dr. Ahmad Ismail
 Coastal Biodiversity and Pollution: A 
Continuous Conflict
 22 April 2011
158. Prof. Ir. Dr. Norman Mariun
 Energy Crisis 2050? Global Scenario 
and Way Forward for Malaysia
 10 June 2011
159. Prof. Dr. Mohd Razi Ismail
 Managing Plant Under Stress: A 
Challenge for Food Security
 15 July 2011
160. Prof. Dr. Patimah Ismail
 Does Genetic Polymorphisms Affect 
Health?
 23 September 2011
161. Prof. Dr. Sidek Ab. Aziz
 Wonders of Glass: Synthesis, 
Elasticity and Application
 7 October 2011
162. Prof. Dr. Azizah Osman
 Fruits: Nutritious, Colourful, Yet 
Fragile Gifts of Nature
 14 October 2011
163. Prof. Dr. Mohd. Fauzi Ramlan
 Climate Change: Crop Performance 
and Potential
 11 November 2011
❚❘❘ 50
Space System Trade-offs Towards Spacecraft Synergisms
164. Prof. Dr. Adem Kiliçman
 Mathematical Modeling with 
Generalized Function
 25 November 2011
165. Prof. Dr. Fauziah Othman
 My Small World: In Biomedical 
Research
 23 December 2011
166. Prof. Dr. Japar Sidik Bujang
 The Marine Angiosperms, Seagrass
 23 March 2012
167. Prof. Dr. Zailina Hashim
 Air Quality and Children's 
Environmental Health: Is Our Future 
Generation at Risk?
 30 March 2012
168. Prof. Dr. Zainal Abidin Mohamed
 Where is the Beef? Vantage Point 
form the Livestock Supply Chain
 27 April 2012
169. Prof. Dr. Jothi Malar Panandam
 Genetic Characterisation of Animal 
Genetic Resources for Sustaninable 
Utilisation and Development
 30 November 2012
170. Prof. Dr. Fatimah Abu Bakar
 The Good The Bad & Ugly of Food 
Safety: From Molecules to Microbes
 7 December 2012
171.  Prof. Dr. Abdul Jalil Nordin
 My Colourful Sketches from Scratch: 
Molecular Imaging
 5 April 2013
172. Prof. Dr. Norlijah Othman
 Lower Respiratory Infections in 
Children: New Pathogens, Old 
Pathogens and The Way Forward
 19 April 2013
173. Prof. Dr. Jayakaran Mukundan
 Steroid-like Prescriptions English 
Language Teaching Can Ill-afford 
26 April 2013
174. Prof. Dr. Azmi Zakaria
 Photothermals Affect Our Lives
 7 June 2013
175.  Prof. Dr. Rahinah Ibrahim
 Design Informatics
 21 June 2013
176.  Prof. Dr. Gwendoline Ee Cheng
 Natural Products from Malaysian 
Rainforests
 1 November 2013
177.  Prof. Dr. Noor Akma Ibrahim
 The Many Facets of Statistical 
Modeling
 22 November 2013
178.  Prof. Dr. Paridah Md. Tahir
 Bonding with Natural Fibres
 6 December 2013
179. Prof. Dr. Abd. Wahid Haron
 Livestock Breeding: The Past, The 
Present and The Future
 9 December 2013
180.  Prof. Dr. Aziz Arshad
 Exploring Biodiversity & Fisheries 
Biology: A Fundamental Knowledge 
for Sustainabale Fish Production
 24 January 2014
181.  Prof. Dr. Mohd Mansor Ismail
 Competitiveness of Beekeeping 
Industry in Malaysia
 21 March 2014
182. Prof. Dato' Dr. Tai Shzee Yew
 Food and Wealth from the Seas: 
Health Check for the Marine 
Fisheries of Malaysia
 25 April 2014
51 ❘❘❚ 
Renuganth Varatharajoo
183.  Prof. Datin Dr. Rosenani Abu Bakar
 Waste to Health: Organic Waste 
Management for Sustainable Soil 
Management and Crop Production
 9 May 2014
184.  Prof. Dr. Abdul Rahman Omar
 Poultry Viruses: From Threat to 
Therapy
 23 May 2014
185. Prof. Dr. Mohamad Pauzi Zakaria
 Tracing the Untraceable: 
Fingerprinting Pollutants through 
Environmental Forensics
 13 June 2014
